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Aleohol-soluble proteins from Amaranthus sceds differ from grolamin fractions of cereals and plants.
Albumins and globulins are the major fractions of Amaranthus. Poptide sequences of storage and membrane
proteins from different cereals and plants were compared, Secandary structure of proteins was computerized

by dor matrix and hvdropathy analyses,

Themujer storage protaing in mosi cereals {wheat, bariey,
rye, maize, and soghum) are alcohel-saluble prolomins. but
such prolamins are nol charactecistic of all plants,' ~4 Caty
and rice accumulacs globuling and glutelins respectively as
lneir major storage proisins. Ont glubulin and rice glutelin
are highly homoiozous and are reiated o the legume |13
storags proteins.t -~ Seeds of grain amaranth conrain a
large amount of albumin and globulin and tracss of
prolamin.® ™8 The amino acid composilion of amaranth
globulin was almosl the same a5 those of soybean and pal
alobuling, 1% bus refative amounts af proteins Sistribuled
in different protein [raclicns were very close to buckwhea:®
as well as torticale (22em) and caorn apaque-2.** The anly
datd availablz in the literature shout amino aod sequences
in amaraunth olanti relute lo membrane znd herbicide
Linding proteins of the chloroplast,! a2 A lhuming and
globulins accarding o their amine acid composiion are
ciose 1o sovbean proteins.t® The comparisen of sequences
of amino acids may be done assuming thai cleohol-soluble
proteins in amaranth arz notthe main protein fracsions. > 7%

This paper deals with Lhe axtraction and separation of
alcohol-soluile proteing in amaranth seeds. Bassd on the
sequence of storage and membrane proteins in sovbgan!
and amazanth!!" we searched for similarity 1z other piants,
and for their 2econdary strusture,

Materials and Methods

Suntgie greparziml. Whdie malure sesds of amaranth: dmaresthies
(A cruempes (purplel: A fuves A covdatuss 4 hepechaadrioous, and A,
srugntat {vellow) were investizated. These plamis were donated ny Dr.
Alrinda Moreirn Baies, Instaeta Dy Techoologa Da Alimenias. Campinas,
Brazil, Cerzzls such as high aasn forchum, rormal maies, and oals,
which were e38d ¢ eompansan af prolumns were takea i7om the Plant
Bresting Luboradry, Sementes Agroceres, Brazil,

Amacati and wiher seeds werz ground inoa mill with 2 60-mesi screen
and defatted 1 2 Soskist sttracor with a-hezane for 100, The meal was
siored &l 3T afler removal af hessne, .

Prateir cxteaction. Proteins were extracied slepwize followsng the
methad of Landry and Moureaus,'*' Extrsctibilily of aléohol-saiuble
profging from amaranth seeds was studied 21 20°C uwsing jsopropanct
{2Pre0NY mixtures wiih Zomercaptosthanol (2-ME) varving from O o
5% with chznges in extraciion Lwme, cancentrabon af redecing agent, and
prepartan of solveat 1o soiid.* ' Prolamins of all plants were extracted

wilk 53% L.Pro0H and 5% 3-ME toplimum gviraction-canditions, which
were found i pravious suudisgg *29

Sedian dodecyd ifive poalvacryiomide gol efecerepharesis (505~ PAGEL
SDE-PAGE was done by the procedur of Laemmibi.'?' Extracts were
comibned, [yophiized, dad dissalved i sawple bufler which eottained
107 glyeerad, 5% Z-ME, anc 2% sodium dodecy] suifare (S0S51in 0,125u
tristhydrassmetliyl jaminemethane [ Trs—FlE1, oH &3, Ther the 2xtracts
wers bodied Gor Soun beface beic odl an the p=l. Prateing wers then
precipitated with acetons {1 2 volumes) ar —20°C overnight, and the
preqigitaie was dissoived in the same samiple bulfer, The gels were | 5mm
tiick and contisted of & Zom dtacking wel and 3 Iem renning gel. The
[3-2N%6% palvacrylamide pel (PAAD) gradienis were made ffom stack
svintons of 2% and 0% wervlamide in 0.5%% V.V amethvlens-his-AA
(BISYand 0.1% 508 in 0375w Tris=HCL pH 5.8, Filly gz of protein was
pul 11 TRe seagle tlocs. Eleclropnoresis was cone ar |[90Y Tar 4 b, G=is
were stained for 2h with 0.23% Coomassie Brfisant Bive B oin
miethanol-wetlsr—aceyicaeid 15 - 51 10 viviang desttined in ihe sarme salvent,
Molecular weight (MW standarcs wers ussd to ezaimare pretein subunit
erolecular weights '

Compyter analvnis af amicg adid soguences of growns prom planis ena
cereals, The aming acid sequences of starage proweing that wem stored in
n gam pans were coopared with those of other prolzing by compeder
analysis using Lhe FASTA and TEASTA programs, based on the
parartetees and zigorithm clknown sequences, ! *“* dot matrix analyses, '
and Bazic Local Aligrment Searck Tool [BLAST). "% These prograrms wese
installed 0 the VAR/VMI operating system, and noan IBM BT
miccocomputer ind avprabie al the Compursr Caoiee at the Hebdew
VUnmivserany, '3

Results and Discussion
Results of elecirophoretic separation

Bazed oo the sclvent svstems usad {or extraction of
alconel-soluble proteins [rom amaranth and other seads,”
their separation gave the following results (Fig, 1) Position
&of Fig. | shows alcohol-soluble proteins of amaranth ses
exiracled with 35% 2-FroOH-3% Z-ME (6110, v/w) and
pasition B ol Fig. 1 presents the same five tvpes of amaranth
compared to oats, maize, and sorzhom. extracted with 35%
-ProOH-3% 2-ME (10: 1, vyw) Thesz protzins contain
B-25% ol polvpeptides of 10-14 kD0 and 7% of 20-kDa
polypeptides, the rest being minor fractions. Only slight
differences were obzerved in subumits of five amaranth
species, Ascan be seen from Fie. |, aleohol-solubie protains
of amaranth extracted with difereat solvents {which are

Abbrevrarionr

as, amno amds: BIS. ¥.-methylere-bis-AA] LD,

kiladaitee; 2-ME, Zomereapioethanal; MW, molstular weighty PAAG,

pofyiceviamde  gelt T-PralH, sapropanal, SOS-FAGE. :odium dadesul suifite polyacrlamide gel elcctrephocesiss TRIS, trsthydroxys

methy Daminomet vy ne.
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Fig. 1. 30D5-PAGE of Alcohol-soluble Proleins from Dierenl Species
of Amaranrhus,

Besds and cerzals in pradiem (51050 PAAG, Protsing wers extrace=d from the m=g|
withs

Al 5% I-TroOH=-5% ME (400 viw)l l—marker: 2, 3, 2 5 f—d cruednus
fpurplali Ao favir; 4. soudoir )W Appockordeiseun; 4 rruemr {peliow), reipecs
Lively,

B 55% 2Pn0E-5% E-ME (10 1, viw|, t=rndsker 3.3.4, 5, 8. T 8. S—d. couenbia
Ipurplels A, Favasi A, oeudwigs, o dppocamndnmoee; A crsevud | elinel, sa
aecmal meize. and high-taanm soeghum. respesiivedy Promm were siained =5
Ceamaatic Briliam Bie= Molecalur mass mervers were phosparyse § (34 kDa)
hemapizhin canine {67 kDa) ovarhurun (43 kDa), cerbosnhydrass (30 kDa), wyptin
mhibitar, tovbean 20k Dal, and bcalbusmm frem bovias malk (14 D)

5. GoEmgyEe

pol shown in cur previous work}” have nenseparated
subunits in the remon of 8—|4kDa. These protein subunes
differ complaigly from those of other cereals such ag oats,
maize, and high-lznnin sorghum, Prolamins extracted from
oals, maize, and sorghum did not show any electropharetic
relutionship with amaranth alcohol-zoluble fracuons, The
gata proved that aleohol-seluble proteins car't be the main
protein fraction in cereal-like planty Jike amaranih.

Draphic malrix ang(veis af praiein sequences. Ropd similariny
searches of nucieic acids and protein data bank. Homology
of aming acid seguences
Using the FASTA and TEASTA computer programs.

homolozy was detectec between a short region of 29 residues

of lspumes and gther plants, The search for parss of the
pulypentide chains which [orm the siructural remons was
done in lwo ways: compzrson of the seguences betwesn
various plents to delect ideatity, and comparison of the
identical sequence found with ons of them Lo detect repeats,
Glycire max feoybean) sequences of 128 elabulin subunit,
which were the basis el our search, showed homology (Tabie

1) of 100.0%:, 593.1%. and 89.7% in chains of G {2) aad

A2Bla; G, (1) and Ala; and G, (341327250 Similar

homalogy between lezumes and other pleais has been noted

previcusly by Borroto and Dure. ™ [n Ficia faba (fava bean)

ol garcer and field beans the sequeznces of c-chain were

72.4% and 7).4%:. The sequences in Lhe f-chain of legumin

[roml Piswm sochwom (parden pen) showed homology of

60.0%. It was also observed that globulin of Arabidepsic

thaiivse and Brosmce mapus (rape), storage profein of

Cucwrplte maxemo (pumpkin) and  soybean (AJ-B4);

siobuling of Hellgathus armmes {common sunfiower) and

fava pean f-chain had respectively the same homoiczy of
46.4%;33.2% und 51.7% 11 the sequences of 29 overlaps.
Oryzesn and giuteiin of Gryzz sauve (rice); siobulin of
Goszypivn pirsuium (Bpland cotton), and 4 vena saiiva (oals)
showed the following homolegy as 62.1%; 538.6%:; 48.3%,

Table 1. Amine Acid Homelegy of Globulin Frotzins an 29 Aming Acid Overlaps
2lans Saquence Hun-;:;ugy
1 L8|
Sovbean” NGIDETICTMRELRGMNIGOHESPRIY NP A 100.0
Zoypesn™® MGIDETICTMERELEHN IGQTSSPUEYNFQH 83
Soybean G, {3} MGIDETICTMBRLRHNICTEIPDIFNPDA 8
Favs bean {m) MOLEETWCTAKLRLMNIGSSSSFDIY NFQA 714
Field hean (=) GLEETVCTARKLRLMIGESSSPOY NPOA 71,88
Jarcen p2a () MNGLEETVCTAKLRLNIGPSSSPDIYNIEA G40
Rice (arvesring MOGLOETFCTMEVRONIDNPNRADTYNERA 52,
Fizld bzan (5} GLEETICSLKIRENIADPARADLY NI RA B F*
Rice {plureling MGLDETFCTLRVEOMNIDNPREADTYFRAG 5.6
Sovbman {AS-B4) NOVEERICTLE LHERIARPSRADFYNPEA 552
Cucurb:l () MOLEEVICTLRLRONIGRSYRADYFNPRG 35z
Sunilowsr MOVEETICSMEFKVNIDNPSDADFVNRDA 3.3
Fava bean (1) MGLEETICSLEIRENIAQFPARATILY MPRA &)
Cuollon MOGLEETFCSMEIKENLADPERADIFNPOA 483
Arabidopsis MGLEETLOTMRCTERNLOOPSDADVYKPSL 46,47
Rape MOGLEETLCTMRCTENLDIDPESADVYEPSL 5.4
Dais MNOGLEEMFCELEARQMIENPERADTYNPRA 4t 8

*  AlRlz, pens encoding u glecinin A2B1a subunil precursor™® G, (2], gyeinin G, {21 gane®st
==, (1), glyeimin G, (1) gere® A-la, giycinio A-la subenit precursar 7Y

=

28 averlaps,
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and 44.5% 1n the sequences in 29 overiaps in compansen
wilh soybean plobulin. Earlier work by others proved
that the rice glutelin basic subunil showed homology to
pez legumin and cther |15 legumin-like storage pro-
teins,'**?-2%27 Conservation of peptide sequences among
:he glabulin-type stornge prowins [rom several legumes and
cereals has been reported.?® 2" Despite their different
solubility properues, rce plutelin shares many biochemical
and cellular properties with 115 legume storage proteins
such as pea legumin: Both types of proteins are synthesized
as largsr precursors on rough endoplasmic reticulum
membranes, transported and packaged inte orotein bodies
viz the Gelgl complex. and after translstion are proteolyzed,

Tabig [[. Idzntity of Membrang Prowing in 153 Amine Acid Chverlaps
Homuologs

Mants (%)
Amarangths bl [
Catlan o5 7
Cilyrine max 1sovhoan) b A
Brasrice suapus (rape) W E
Frarm sqfrvunt {Earpen peit) Ui &
Seemle verpale (rye) 95.3
Jrrop juniva inice) 956
Hurdeunn vifgare (barley) 950
Virin fabe [bread bean) 5D

157

forming scidic and basic subunits.®** Within the results of
the search shown in Table T, the identity of globulins in the
planl dAmgramine was not foend. Based op sequencing of
the 32k thylakeid membrane protein precursor from
chioroplasts of samargneius Apbridus *® The scarch by
FASTA and TEASTA showed 93.3% homology W 473
overlaps of Fisunr sativum, Gossypium fivsyinm, and Oryzg
suriva. A vbridus?* I showed also around 99.7% he-
melozy in 333 overiaps with cottan and soybean (Table
I

Ag can bz seen Trom the deta of Table 11, even the
mambrane prowzin of amacanth showed near homology o
the same plams 25 jn siorage giobulin prosins (Table 1),

The BLAST™** tearch based on the 32k thylakaid
mambrane proten [rom Amaranthus dyocidus (9% ane [19
amine ucids) showed some matching only with 115 glebulin

Toble (11, Data Found by Biasl When Searching Yacious Proleins in Lhe
Swissprot Darabase

Plani Sepusnce Pacameners

A, Hybrides 99 AASVREWLYNGGPYELIVLHE 119 Seore=32;
Expeci=16
Freisson
P= | .D;
Lenglth = 21

Tumakm 161 PAGVSHWMY MRGOSDLYLIVE 13l

"
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Fig. 2. Dot Malnx Anaivees of Prateing ftom Asaranshur and Quher Planis.

XK oaxiz A, B—32k thylakeld membrane protein precurser of chloropiast Irom A debeidus (12353 amino asid (aa) overtaps]: C, D—siomagz protans of oats and savbean
W oaxis: A, B—1 15 ginbulin §f sukenit precursoe of Cucorivor masionr {pampkind. eoton chleropiest C, D~membtans protoin precursor af shilersplast £, dvoridus (1-224

ad averlaps),
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Irom Cucuriite nigxene {pumpking which was done betwezn
the sequence of 16) and 18] amino acids.?® This cor-
respondence 15 shown in Table 1

Compansen of these two protein sequences created a file
of the pownts of simularity bsrwesn them in verlical
(pumpkin] and hoozontal (4. fybeidies) dimensions, Thess
comparsoens were plolted with 8 DotPlot (Fig. 2, position
Al. DotPlot is the second part of a2 wwo-part sel nf
programmes thar generate dol-ploiw of the points of
simularity betwesn two sequences,'®'9 Nucleorde se-
quences ware translated intg pepfide sequences and shawn
it Fig. 2, position B, Positiens C and [ of Fig 2 show the
comparison of A ivbridus translesad inte & peptide sequance
wilh starage proweins of vats and sovbzan &,/3) from Table
I.

Caomparisons between the following pairs were done on
Fiz. 3.

Position {A): chioroplasts of 4. hydrdus and of Gryza

3. DORsSTEIN

sativa with 98.6% of homology in 333 pveriaps,

Pasition (B chloroplasts of A hvbrigus and of Fisum
sacivinr with 98.6% of homology.

Position [T): chicroplasts of 4, hyhridus and Glyeine max
with 99.2% of homelogy,

Position ([2):; chiaroplases of dmarantins hvbridus and
of Gossvpiwn hoswum which showed 33.1% homology in
475 overlaps. -

Peosition (B chloropiasts of Amaranchus hyvbridus and of
Oryza saiva which showed 52.2% in 475 overlaps.

Posttion (F1 ehloroplasts of Amaronrhus kvbridus and of
Pirem sanveny whieh showed 93.5% homelogy in 473
pveslaps, Since the dizgonzl line of homolagy is much more
evident (Fig. 3. in this comparison, it is used throughout ta
compare the peptide and nucleotide sequences of the
wlentical remons for nvestigated storage and membrane
proterms, All comparisons shown in Fig, 3 visualize a
diagonal of the surface, Considerable background is

Fiz. 3. Companszon of 32k Thylakoid Membrane Protein Precursor of Chloroplast Tram Astoromitios dvbridies wiln Other Planes and Cereils,

*oaus AL T C—membrane protein pracuriar of chloreplast from A, dygritdes {1-353 a8 oeerlapsy [0, E, F—membiane proiein precurset of chioroplast fram A kineida

(V=278 a3 pverizosy

Y uzia; A, B, C—~slorage protens feom [E=153 aa svesipps) nee, pei. soybear: [ B, F=stbeaps provems Mren (=215 a0 overlops] eaton, nee, pox
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Fradictizd [rom the Aming Acid Seausnzes ol the 32k Tavlakod Memorane

Protein Precursar of Chlaceplast (99 1o | 1Sas overlaps) lram Amacasies Ariridur and 115 Globuita § Subupit Peecursor (161-181a2 overlaps) of

Crugurpita Maxima (3],
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Fig. 5  PlotSrrucwre of (A) 32k Thylakaid Membrane Prowein Precurser of Chioroplast from dmaranthus Aviradis; (RY 118 Glohulin § Sabuatz fram
Cururbita maxima; [T) Tsoelectric Plar of Pepude Sequence, Whese |+ )-Pasitively Charged Residues and (—)-MNegatively Charged Besidues, of 32k
Thylakod Membiane Prowin Precurser of Coloroplast frem Amarantiug A pbriduy,

venerated, although 2 dizgonal line of homology throushout
is discernible. Fizure 2 shows a completely different picturs.
Some matching can be szen in the position of Fig: 2, and
tandem repeated sequences gocurmng in Doth protems
appear as blocks of daots. In spite ol the lack of homolagy
betwesn the membrane and storage proteins there are
indications of some matching.

FProfeln analyvsis. Secondary seruciure, hvdrophobicity, 1So-
electric pluls, peptide plats, and riontent
A pepuide plot (Fip. 4A) measured the prolein secondary
structure and hydrophebicity in parallel panels of the same
plot in the 32k thylakoid memhbrane protein precurser of

tre chloreplast (99 Lo |15 aming acid (aa) overaps] from
A. hybridus. In the same length of 21 amine acids a peptide
plot was cbtained for LIS globulin § subumit precussor
{161=181 amino acid overleps) irom Cucuriita maxims, Fig.
48, The firsz line in Fiz. 4 {Positions A und B) shows the
sequence itsell for 21 residues of sach protein. The second
line represents the position in the scquence of basic to
hydrophobic {top), and acidic to hydrophiiic amino acids.
The third line measures a-heiix and flshest?* A Kviz-
Daoaiittle curve®® shows (Fig. 4) the average of a residue-
specific hydrophobicity index over a window of nine resi-
dues with the hydrephobic region in the upper hall and
hydrophilic in the lower hzll of the axis.’® Goldman,
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Engelman, and Siewz curve identifies nanpolar transbilaver
helices with hvdrophobic regions in the wpper half and
hydrophiiic ones in the lower gne.”® As may be seen from
Fig, 4 the two protems in their secondary structure have
litile similarity in these specific 21 residues.

Pepuide structurss were calculated for the same two
proteins and presented as plot struciures, A piol was done
according to the Chou-Fasman® prediction systam.
Secondary structure predictions for 32k thyfakeid mem-
brans pretein precursor af chloropiast [rom amaranth (Fig.
54Y differed from the 115 glebulin beta subunit from
oumpkin (Fig. 3B). [t might be expecied that amaranth and
pumpkin, which have close identity in certain regions, show
alsa the greatest similarities in the paitern of predicted
Chou-Fasman structure, The secondary structurs pradic-
iton corresponds with the regions of high identity within
the chains of amino acid residues,

An jsoelectric plot of the total cesitive and negative
charges and the net charge as a function of pH for the 32k
peptide sequence of thylakoid membrane protein precursar
ts shown in Fig. SC. The net change of a protein is
calculated as the sum of the number af positively charged
residues {protonated ]vsme arginine, histiding), minus the
number of negatively cnurged restdues (deprotonated ty-
rosine, cycteine, glutamate, aspariate], plus the number of
protonated amino terminii, minus the number of depro-
tonated carbaxyl terminii. This plor was compared with
115 glﬂbuhn J subunit precussar from Cucurdita moxing

R sene dm o charesd croups as owell

a5 m isoelectric points (pl). The pf for all sequences was
£.08 (Fig. 6B). Protein of dmaranthus in 21 residves has
a p/ of 400 with the following chargea groups: His-|

Tyr-2: Glu-2 and Asp-1. Cucurbita maxima proiein has a
pf of 7.53 with Arg-{; His-1; Tyr-1l and Asp-1.

The hydrophobic moment is the hydrophobicuy of a
paptide measured for differant angles of ratation per residue.
The hydrophobic moment is calculated for 2il angles of
rotation from O to 130 dezrees. Moment helps Lo recognize
“amphiphilic” structurss by identifying when the residuss
an one side of the structure are more hydropiobic than on
the other. Tt is & measure of the probability that the peptide
al any particular position is located at the interface betwesn
the intedior of the protein and the surface ar more exactly,
that the pepude separates hydrophobic and hydrophilic
regions, Figure 6A shows a contour plot of the helical
hvdrophobic moment of 32k the shviakeid membrane
pratein precursor of chloroplast from amaranth. A helical
wheel (Fig, 6C) of the 32k protein showed 14 hydrophabic
regions in comparison with the helical wheel of Cucurbita
maxima of 13,

Il was found through the ssquence analvses presented
here-that soyoean legurmmin (100% homology), the sequence
of which 15 kaown, has vestigial sequence homology with
pther lepume storage proteins end globuling of cereats. Two
sequences from amaranth and pumpkin in their membrane
and globulin proteins were also compared. Secondary
structures were predicted for these proteins,
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